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fart  X 

DITIiODUCTIOK 

Uie  Department  of  Chemical  Hygiene  haa  for  son©  years  been 
developing  a  conrprehonsive  plan  of  investigation,  one  of  the  objecte 
of  \*ich  is  to  i5erfeot  rrjethoda  for  the  ev-xLi^ition  of  e^iCh  of  th© 
Qssontial  dietary  factors  iRfJiioh  is  ooncemed  with  the  ntatnltion  of 
mannalB*       At  present  quality  and  qi^antlty  of  protein  aare  rocogr.lzed 
•s  i-ni>ortant  factors  iu  deternlning  the  valtaa  of  a  diet.       Other 
esBential  factors  v.Jich   ire  of  practical  irnportance  are:  a  proper 
itdjiffltrnent  of  tlie  several  linsral   sle-nents  "hicHi  the  diet  "ust  furnish, 
and  the  three  unidentified  food  factors  'itJ  ich  are-  respectively  resj;>aB- 
sible  for  the  prevention  of  serophthalmla,  polynextritls,  and  scurvy. 
It  cannot  be  said  that  any  one  of  these  factors  is  of  t^reater 
inqportanoe  th-:m     nothar,   except  that  failure  v/ill  supervene  sorufi-what 
sooner  in  one  case  th.aa  in  another,   althou{^i  this  depends  almost 
entirely  on  the  eztent  of  the  deficiency. 

As  a  piiase  of  this  general  plan,  a  series  of  e"perip«ut8  was 
carried  out  in  1919-1320  with  the  view  to  coraparing  with  as  groat 
accuracy  as  possible  the  biolo.'Tlcal  values  of  a  series  of  proteins 
frwn  different  sources.       In  carrying  out  this  study,  certain  principles 
not  hitherto  er^ployod  were  made  use  of  in  order  to  hoigjhtan  the 
senBitivjnass  of  the   test.       It  ■^rs.B  learned  in  c?arll6r  studies  that  if 
the  quality  of  the  protein  is  excellent,   young  rats  are  able  to  grow 
in  a  nomal  manner  ^ihen   the  food  nixture  contains  but  nine  per  cerat 
of  this  factor,       Tb»  anirnals  'ilso  show  ligb  fertility  and  fairly  good 
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sucooss  In  the  rearing  of  youstg*       35ioy  are  also  able  to  renaln 
vigorous  to  an  age  of  ajproxirnateli'  ttrenty  to  tvronty-four  inontha 
before  exhibiting  rmrssd  si^ia  of  deterioration. 

If  the  quality  of  the  yrotein  in  the  diet  is  not  of  the  be8t« 
and  but  nine  per  oent  is  incl\2iod  in  the  food  mixture,   tii©  {^^OAsth  nay 
be  nomal,  but  the  aniiails  ahov/  lowered  capaoity  In  all  the  other 
functions  enujTjorated  above,       ThQ  extent  to  vtloh  tbay  fail  In 
fertility,   or  show  high  infant  ;-iortaHty,  or  ago  early,   forms  a  very 
sensitive  method  of  oo.TTsaring  the  ViiluaB  of  proteins  froen  different 
sources  when  tliose  are  fed  at  this  pl<;me  of  intake,   sv^loTnented  in 
A  fairly  satisfaotor;;  scanner  with  respect  to  all  other  dietary  factors. 

In  order  to  facilitate  the  ooToparison  of  the  various  diets, 
the  value  of  the  protein  ■  fixture  when  f e '  at  a  constant  level  of  nine 
per  oent  of  the  total  food  intake,  has  been  judged  according  to  an 
arbitrary  scale.       Protein  ;nixtures  vliich  support  an  anlnal  in  the 
manner  described  in  tlie  j-recediag  paragraph  were  called  "excellent"} 
t/.ose  vhioh  produco  noirmal  growth,   a  hi^.  fortuity,  hi/jh  infant 
inartality,  and  a.  noderately  early  aging  (old  at  about  16  Tionths)  vrere 
marlSBi.  "good*!  tliose  viiloh  i>rodaoe  undersized  anltnals  (old  ^  12  or 
14  raonths),  and  having  a  low  fertility  and  hig^  infant  rTortality, 
were  nar^d  "poor".       There  tre,   of  course,   all  gradations  between 
these   three  classes,  but  in  general  the  ja^otsin  -ilxtTJres  fall  into 
these  sroTQ)S.       Cliart     showing  the  life  cycle  of  typical  ^sUlTials  fed 
OQ  protein*  of  these  5  t^.pes     is    iprended* 

These  criteria  afford  a   reans  of  detenining  i^^proxiinately 
how  old  the  anlToals  on  a  series  of  diets  are  In  respeot  to  ti^e  vigor 
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and  nomality  of  their  tissues,  as  oell  as  tlialr  jtiyslologloal  a0»* 
iB  have  still  other  possicllltlas  for  dotarrainlng  the  actual 
jjhysiologioal  condition  of  experlriental  ani"nals«       TSyaa  we  may 
reasonably  expect  an  a^d  animal,   irresjiootive  of  TiiOther  it  has  lived 
long  aad  has  dcrveloped  the  signs  of  ago  slowly,  or  has  lived  \>\xt  a 
short  tine  and  aged  rapidly,    to  show  certain  changes  in  its   tissues 
Tshieh  are  conconiitaat  with  deterioration  of  the  tody  structures, 
if'olln  (1)  has  described  data  -^^Mch  seen  to  indicate  that  the  efficiency 
of  the  xioneis  touds  to  decrease  jarogrescively  frtKi  yonth  to  old  agSt 
and  as  a  resalt  the  end-products  of  protein  '.oetabolistn  tend  to  re^rialii 
in  the  blood  and  lyrsph  in  greater  amounts  as  age  advances*       Aztal^sia 
of  the  blood  for  these  products,  wldoh  are  usually  designated 
collectively  as  '♦aon-protein  ultrogea'%  should  be  of  value  in  connection 
with  other  criteria  as  to  the  actual  physiolosicj.1  age  of  the  aniral. 
A  certain  a-iou-'it  of  aaerala  nay  be  expected  in  aniniils  v.).ich  have  becon» 
debilitated  to  a  serious  extent.       In  fact,  jtay  anilytical  data  of  hi^ 
accuracy  on  anlnails  iftiloh  are  in  a  poor  jihysical  condition  is  of 
distinct  valite  ^-hen  it  can  te  corapared  with  sinilar  data  on  youthful 
and  nor'-.ial  ani^^uls* 

It  was  also  thou^t  Ifcat  interesting  results  mig^it  be  obt..i7ied 
by  a  study  of  the  calciuT,  In  tie  blood,   as  it  h:id  been  ol: served  that 
laany  of  the  animals  cm  these  diets  had  brittle  teeth  and  bones* 

The  present  ixiper  deals  with  the  ch«iioal  an^l.-sis  of  the 
blood  £i.nd  the  data  collected  at  autopsy,   on  aninals  representing 


groxips  In  a  series  In  which  in  nost  cases  the  sole  fault  in  the 
diets  was  in  the  jrotein  noiety,  althoug^x  in  a  fev?  of  the   lots   tJiere 
«&B  a  deficiency  of  oalciun  or  fat-soluble  A,  or  hoth.       A  list 
of  tlie  diets  is  given  in  the  tables  in  "^Q  aipendix. 

It  ■was  hoped  that  the  data  collected  on  tho  anitnals  on 
diets  containing  nine  per  cent  protein  rai^t  contribute  sone thing 
to  the  controversy  aver  the  valxB  of  low  and  hi^  protein  diets 
which  has  been  debated  for  so  niany  years.       ^or^nsrly  the  data  ■»&• 
obtained  either  by  a  large  nuinber  of  dietary  studies  or  by  nitrogen 
balance  experiments.       Ho  account  was  taten  of  the  quality  of  the 
protein  car  of  the  prolonged  woll-being  of  the  subject.       The  early 
workers  in  this  field,  7oit,  liubner,  and  itvsater  (2)  from  evidence 
obtained  by  the  statistical  method,   recor^raended  118  grns.   to  127 
gns.   (about  15  per  cent  of  a  3000  calorie  diet)  as  the  projiep 
allowance  for  raen  doing  active  v/orlc.       Biis  tradition  was  questioned 
about  1904  by  Chittenden  and  his  co-v/orlcers   (3),   who  advised  an 
intake  of  36  g!ns.   to  40  gns,   of  protein  (about  7  per  cent  of  the 
total  diet)  per  day  for  active  raen.       These  figures  were  based  on 
experir^ents  lasting  five  months,  during  vMch  time  the  -nan  were  in 
good  health  and  raintained  their  nitrogen  balance.       A  similar  diet 
is  recom'oended  by  Elndhede   (4).       On  the  other  hand  ItoCay  (5),   after 
a  study  of  the  diet  and  jdiyslcal  and  riental  condition  of  the  rjces 
of  India,   concludes  that  "the  hi^er  the  level  of  protein  interchange 
the  more  robust  and  energetic  and  the  more  nanly  the  race."* 
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Ihe  nost  recent  work  cm  a  large  scale  is  that  cirrled  on 
by  Benedict  and  bis  oo-woriEsrs   (6)   during  1918  and  1919  on  a  squad  of 
^'oung  men.       A  typical  diet  contdueu  ai-out  55  ^na.   of  protein  and  1600 
calories,       Benedict  stated  that  there  are  "definite  and  significant 
distxirbanoes  of  blood  composition,  nomal  sex  expression  and  neuro- 
muscular efficiency  and mental  and  jjhysical  mirest",   and  yet 

the  conclusion  was  drawi  by  the  writers  that  '♦protein  cvartailment 
is  an  assured  and  physiological ly  sotuid  procedure."       Apparently 
the  ill  effects  of  the  diet  are  blamed  entirely  on  the  low  aalorie 
content,   althou^^  theare  is  no  proof  that  it  is  doe  to  this  or  bohb 
other  factor  in  the  diet  such  as   the  low  protein  content,   or  to 
both.       The  dxaratlon  of  the  experiment,   like  that  of  Caiittonden, 
is  but  for  a  very  snjall  fracticm  of  the  span  of  life,  and  so  the 
evidence  of  the  efficiency  of  ttieir  diets  in  pranoting  norrial 
nutrition  cannot  be  taken  as  conclusive,       "Joreover,   the  carefi^l 
Eoeasiirer.ents  of  Benedict  indicate  that  sorne   conditions,  at  least* 
were  niet  which  were  sinilar  to  those   foxmd  on  animals  kept  on  diets 
containing  9  per  cent  protein. 

Part  II 

PBDGliDOHB  AMD  iETHODS. 

The  rats  for  this  study,   142  in  all,  \vere  selected  when 
they  Ti@r:  between  the  ages  of  200  and  600  days*       The  anirnals  were 
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divided  into  45  lots,  each  lot  representing  a  different  diet.       In 
13  lots   (containing  37  rats)   the  animals  ^ere  on  -aintenance  diets 
containing  various  amounts  of  protein.       Sorae  were  low  in  Ciloinm 
and  fat-soluble  A,        (j?or  a  eorrrrlete  record  of  the  diets  see  the 
tahles  in  the  appendix).       In  all  the  other  lots  the  protein  was  the 
Qnly  deficiency.       It  was  alv.'ays  present  in  an  amount  equal  to  9 
per  cent,  and  in  quality  coenplled  vdth  one   Of  the  three  grauies 
mentioned  in  the  introduction. 

2he  animals  on  the  diets  producing  very  early  aging,   and 
those  representing  the  second  or   third  generations  on  defective 
diets,   were  killed  vSnen  they  v^ere  liot-Teen  the  ages  of  200  and  350 
days,  because  they  would  not  have  survived  Hooh  longer.       One  anirral 
was  711  days  old.       None  had  reached  the   end  of  the  nOTTiil  span  of 
a  rat's  life   (about  900  days),   and  even  an  the  best  of  these  diets 
the  ani.'nals  viere  usually  In  a  poor  condition  before  they  reached 
600  days. 

!Che  rats  were  given  no  food  during  8  hours  rrior   to  being 
idlled.       They  were  weired,  etherized,  and  sa^iples  of  hloed  taJcen 
ftro-'n  the  end  of  the  tail  for  erythrocyte  and  leucocyte  counts  and 
hamoglcbin  determinations.       An  incision  was  then  :Tiade  and  blood 
dravai  directly  fron  the  heart  vvlth  a  s.  ringe  or  suction  apiartitus 
made  by  uttadiing  a  hyperdaimic  needle  to  the  end  of  a  10  oc« 
graduated  piriette.       Since  calciu:n  was  determined  in  nost  of  the 
ea-nples,    sodium  citrate  was  used  to  prevent  clotting.       A  few 
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pulverized  crystals  were  put  Into  tlie  ejringe  or  dra\8n  up  Into  the 
pil^ette. 

Observations  wero  made  on  tie  general  condition  of  the 
anlnal,  and  desi^iated  as  '*good'*,  "fair",   or  "poor",   on  the  appearance 
of  tlie  hair  and  sKin  and  the  brittleness  of  the  teeth.       Ilhe  amout^t 
of  superficial  and  bodjr  fat,  and  the  condition  of  the  lungs  and 
other  organs,   was  also  noted,       1?he  lungs  ware  marked  nor-Bul  +,   ++, 
+♦+,   ++■*•+,   according  to  the  presence  and  extant  of  the  lung  infection 
from  vdiich  nian^-  of  then  suffered.       3316  heart,    liver,  kidneys  and 
splaen  ware  removed,   and  eaoh  nas  weighed. 

Blood  cell  counts  vyere  made  in  the  ustial  manner.       The 
per  cent  hemo^obin  was  measured  with  a  iaahli  hema^neter  having  a 
scale  such  that  an  individual  having  a  hemoglobin  content    of  14.3  gns, 
per  100  ce.   of  blood  gave  a  reading  of  87  per  cent.       Corrections 
were  accordingly   nade  on  each  reading  so   that  14.3  gms.   of  hoT;oglobln 
per  100  CO.  of  blood  corresponded  to  100  per  cent. 

Cheniioal  Sxanlnation  of  the  Blood.       To  precipitate  the 
blood  proteins  a  10  per  cent  trichloracetic  acid  solution  ■sra.s  used 
according  to  the  methods  of  iTolin  and  tSta,  and  others  (7,  8,  9). 
One  part  of  blood    -vas  precipitated  by  nine  parts  of  trichloracetic 
acid.       'Bie  precipitates  were  allowed  to  stand  for  at  least  6  hours, 
then  filtered  and  preserved,  with  two  drops   of  toluene   (7).       non- 
protein IJ  was  deterrnined  according  to  tie     .et^-od  of  ji'olln  a;id  V/u 
(7),       Practically  all  the  determinations  \vere  rnade  in  duplicate. 
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lat  the  standard  {HH^lgSO^  was  decomposed  ^dth  concentrated  liaOH 
and  the  HHg  aspirated  through  H2S04«       Tiie  (HH4)2S04  was  precipitated 
with  alcohol,   filtered,   md.  tliS  cryBt;Als  dried.       They  were  piarified 
by  dissolving  and  reprecipitating  twice. 

Caleivcn  was  determined  in  the  tricliloracetio  acid  filtrate, 
a  ooi'ibination  of  the  inethod  by  Lyman  (10)  and  Halverson  and  Ber  jeim 
(11),    (12)  being  used.       Lyman  recOTraends  the  use  of  6.5  jjer  cent 
trichloracetic   acid  as  a  precipitant,  but  equally  accvtrate  results 
were  obtained  vdtth  the  10  per  cent  solution  (latle  l).       An  a/nount 
of  filtrate  conta,ining  approxi.mately  2  cc.   of  blood  was  n^asured  into 
a  50  cc.    flasi:  and  t'a.de  alkaline  -isl  th  2  H     2Qi40E,  using  methyl  orange 
as  an  indicator*       The  solution  was  neutralized  with  ..Wj.  li  HIiOs  mads 
acid  \;-ith  1  cc.   of  4  per  cent  oxalic  acid  and  then  1  cc.   of  20  per 
cent  sodiun  acetate  v-as  added.        ^he  flask  was  stoppered,    tho  contents 
cooled  under  the  hydrant,   shaten  until  ^  faint  precipitate  appeared, 
and  ^pt  in  a  refrigerator  ovor  night.       ISie  contents  of  the  flask 
were  centrifugod  in  a  tube  \*ich  had  been  drat-Ti  out  to  a  point.     The 
clear,    supernatant  liquid  ^as  drawn  off  with   a  capillary  pipette. 
The  precipitate  isas  washed  \'dth  5  cc.   of  ciis  tilled  HgO,   racentri fuiged, 
and  the  H2O  dra\m  off.       Tliis  v,as  rep  ated  three  times.       Tiie  preciritate 
was  then  dissolved  in  5  cc.   of  2  per  cent  }i2S04»   diluted  to  25  00. 
and  titrated  vlth    ■joo     ^'*1i*^4*       ■'^-^^  rnothod  gave  excellent  results 
with  imovn  sraall  qu-antities  of  calcium,       aSie  trichloracetic  acid 
did  not  interfere  as  is  shovji  by  Table  1. 
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Part  III 

DISGUSSIOH  Qe'  H2SU1TS 


Autopsy  j?lndii^8 
Iho  ooat  of  a  nar'^al  irat   Is   sleek  and  well  fcept,   Vt.e 
hairs  are  of  even  length,  the  sidn  is  clean,  and  there  is  a 
considerable  amount  of  body  fat.       Uoae  of  the  experlnental  animals 
could  be  considered  in  exoellont  condition,  and  only  four  trere  in 
a  good  condition.       The   latter  iirere  from  lots  2188,   2578,  2180  and 
1895  re^ectively,  but  since  otier  animals  on  these  sajne  diets  ■-.ere 
in  a  poor  condition  these  four  cases  out  of  the  142  animals  exa:nined 
c nnnot  be  considered  typical,  but  represant,   rather,   exceptions  to 
the  rule.       It  is  evident  tliat  at  the  level   fed  the  proteins  of 
these  diets  are  conducive  to  a  loss  of  body  weight  and  a  poor 
general   condition  during  the  prits   of  the  aninal's  life,       'Jhis  loss 
of  iwBight  is  due  not   only  to  a  decrease  in  flatt;   tissue,  but  also  to 
a  decrease  in  muscular  and  organ  tissue.       The  niuscles  of  the  legs 
become  stringy.       Those  betwe-3n  the  ribs  aire  often  like  a  very  thin 
sheet,       3ie  \rei^ts  of   the   liver,    kidneys,   spleen  and  heart 
respectively  vary  greatly  in  different  anir^ils,  but  in  general  they 
ar»  roughly  in  ji-oportion  to   the  body  v^i^^it,   th^ose  in  poor  conuition 
having  a  low  body  v7eisht  and  small  ca-gans,      (!I!he  vseights  of  all  the 
animals  and  of  the  organs  are  givon  in  the   tables  in  the  appendix), 

Zhe  Genital  Oreans.       Special  mention  should  be  ".ade  of 
the  condition  of  the  genital  organs  because  of  the  low  fertility  of 
raany  of  the  aninals.       In  nany  of  the  males  the  testes  vrere  ..larl-OBdly 
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undersized,  and  rrany  of  the  fe-iales  had  a  purulent  or  hydra  salpin- 
gitis,  j.niA  others,   a  c:,-8tic  degeneration  of  tho  ovaries. 

Of  the  66  males  on  \*ich  autopsies  were  performed,   29 
(44  per  cent)  had  s'.ill  testes  or  seminal  vesicles,    snd  in  many 
cases  both  had  de.-Tenerated,       Of  the  76  females,  24  (51.5  per  oent) 
had  Infections  of  the  ovaries  or  uteri,    or  botV,   and  4  aninials  1-ad 
uiid  rsized  but  uninfected  ovaries  and  uteri.       Ljinoe  no  histological 
studies  were  rade  it  is  not  possible   to  determine  vihether  the  low 
fertility  v.as  due   to   a  lack  of  active  spernatozoa  or   to  the  infections 
in  the  fenale.       It  is  not  unlikely  that  both  factors  enter  in.       In 
those  lots  sho\rtng  a  high  fertility,   only  1  of  the   13  nales  had 
small  testes,    and  only  2  of  the  11  females  had  an  infection.       In 
those  lots   showing  a  low  fertility  19  of  the  36  2L*les   (53  per  cent) 
had  8- all  genitals  and  13  of  the  42  females  had  Infections,   aM  2  had 
very  srnll  ovaries. 

Little  work  has  been  done  on  the  relation  of  diet  to 
sterility  in  rats.       Osborne  and  iiendel   (13i   report  that  with  a  few 
exceptions  animals  wsre   sterile  when  kept  on  diets  in  viiioh  30  i>er 
cent  and  40  per  cent  of  yeast  respectively  supplied  the  protein.       Ihe 
diet  was  properly  supple '-jen ted  in  all  otiier  respects.       The  grov;th 
cvave  was  nomal.       They  reported  autopsies  on  only  2  ?nales,    and  tiiese 
had  testes  of  from  one-quarter  to  one-third  the  nor'rial  size.        ^s  In 
our  anlrials,   the  protein  content  was  the  only  doubtful  factor  in  the 
diet,       Dru'iTOond  (14)   ad  i^'unk  jnd  Douglas   (15)  have  reported   that 
sterility  occurs  on  a  diet  defioiait   in  v.-ater-soluble  B.       Only  one 
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lot   (2286)  consisting  of  2  males  and  3  fenales,  were  on  a  diet  low 
in  this  factor,  and  in  this   lot  1  rnale  had  only  one   testis,   the  other 
niile  appsaring  nor-ral,  T/hile  the   fertility  of  t}e  fenales  vvas  low, 
Lunfr  Infections.       It  has  long  'bean.  'Knavm  tS-iat  rats  are 
particularly  sixsceptifcle  to  lung  infection.       Eektoan   (16)  has 
described  2  types  of  lesions,   one  being  solid  arA  red,   usually  with 
nodular  reddish-yellow  or  yello'.^  areas,  and  riddled  vsith  abscesses 
containing  a  thick  yellowish  jfos.       In  the  second  type,   the  lesions 
had  sharp  but   irregular  margins  containing  a  gelatinous,    translucent 
grey,   or  opaque  yellow  fluid.       !I?he  gelatinous  aj.pearance  corresponds 
to  the  appoarance  of  the  exudate  in  broncho-pne  monia.       'Swo  types 
of  lesions  were  observed  in  our  animals,   the  on©  having  nodular  areas 
filled  with  a  hard  yellov;  or  greenish-yellow  cheesy  vaaBs,   the  second 
being  similar  to  the  second  type  observed  by  Hektooji.       IIo  reddish 
nodules  isere  observed,   sil though  occasionally  a  lung  otherv-'ise  nomal 
appeared  henorrhigic.       Almost  all  the  lungs  had  authracosis.       Of 
tlia  total  nu"!ber  of  rats  e.-smined,    36   (25  per  cent)  had  nomal  lujigs. 
Apparently  the  condition  of  the  animal  ta-s  not  the  aaly  predisposslng 
factor  because  10  of  the  36  animals  were  in   fair  condition,  ji.nd  2  t  ere 
in  good  condition.       There  vTere  only  5  of  the  45  lots  in  ^. ich  all  the 
rats  had  normal  lungs,  and  of  the  five,    three  contained  only  on©  rat 
each,    so  no  conclusions  can  be  drawi   trorfi  than* 

STUDIES  OH  rnS  BLOOD 

Galo ium.       An  abnorra.1  calcium  metabolism  is  frequently  cited 
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as  one  of  the  concoraitants  of  old  age,       Tiie  so-oalled  hardening 
of  the  arteries  due  to  the  deposition  of  craloium  is  a  very  coramon 
oocurrence  in  the  aged,       ^cCillum  in  his  Textbook  of  Pathology-  (17) 
speaks  of  aprofoxmd  difference  between  the  calcium  rietabolisrn  of 
jrottth  and  of  old  age.       lie  states  that  inore  calciua  is  absorbed  from 
the  bones  than  is  deposited  there  afresh  -  a  condition  of  senile 
osteoporosis.       In  oases  of  osteomalacia  the  histological  picture  is 
the  sane  as  in  riclrats,    except   that  the  endochondrlal  ossification 
is  coiiTplete.       lioCallun  says  that  tjio  catiso  is  debated,  but  that  it 
is  thoxjght  to   be  due  to  an  adrenal  instif  ficiency  or,   in  woraen,   to 
an  oTarian  hyperactivity.       There  is  no  snggestion  that   U.e  cause  or 
one  of  the  causes  nay  be  a  dietary  deficiency,  as  in  the  case  of 
rickets. 

It  was  stated  in  the  introdiction  on  page  3   that  msaiy  of 
the  sni:-Eils   stiaaing  signs  of  premature  old  age  had  poor   teeth,     3onie 
pulled  out  easily  from  the  garas.       Others  were  so  brittle  that  If 
grasi>ed  betvjeen  the  forceps  tliey  would  break  in  two.       SUiis  was  true 
of  al^iost  half  (44  per  cent)   of  the  animals.       In  some  cases   (30  jjer 
cent)   the  ribs  were  brittle,   in  otLers  they  were  as  flexible  as 
cartilage.       So  it  seeded  probable  that  tiiere  had  been  some  derangenent 
of  the  cu.lciujn  nietabolism.       The  occxirrenco  of  hi^i  calcium  content  in 
the  blood  and  ti^e  brittleness  of  teeth  and  ribs  is   shovn  in  Table  II. 

Bie  norroal  calcium  content   of  the  rats'  blood  vsas  found  to 
be  about   the  sa-ie  as  for  hu-an  beings  -  betvreen  7.4   Tgs,   and  11.1  Tigs, 
ealciun  per  100  cc.  tlood.         Halverson  and  his  co-workers  (18)  give 
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a  content  of  between  9  mgs.  and  11  rags,  per  100  oc.  blood  for  nonnal 
men  and  women   (30  cases)   and  Jansen  (19)  reports  a  content   of  11.5 
mgs.  to  12  mgs,   per  100  cc.   of  blood  in  middle-aged  individuals, 
DeterTdnations  were  rnade  on  the  blood  of  67  of  the  rats  studied,  and 
of  this  nttnber  26  were  above  11  rngs.  and  2  were  as  high  as  22  rngs. 

The  relation  between  the  calcium  content  of  the  blood,    t2ie 
brittleness  of  the  teeth,   and  tl^e  brittleness  or  extrenie  flesibility 
of  the  ribs  is  not  altogether  clesur.       However,  no  £knlTi£il  with  a  high 
calciun  oon.tent   in  the  blood  had  noriml  teeth  and  ribs,   al  thoxi^   sorae 
animals  with  brittle  teeth  and  ribs  had  a  normal  amoitit  of  Cilcium  in 
the  blood. 

It  seems  probable  that  tiiis  abnormal  calcium  n^tabolisni  is 
liniced  with  the  protein  content   of  the  diet.       '.Vlth  one  exception 
there  was  no  lot  (of  those  in  vyhich  the  diets  contained  9  per  cent 
protein)   in  which  all  the  animals  had  a  normal  calcium  content  in  the 
blood  and  normal  teeth  and  ribs,      (In  the  exception  tJiere  xsas  only  one 
aal  lal  in  the  lot,   so   it  was  not   significant).       Tl-ieBe  abnomiuUties 
could  not  be  due   to  a  lack  of  calcium  In  the  diet,  as  the  calciu."i  of 
ti:e  foodstuffs  was  supple ;«r( ted  by  the  addition  of  1/5. „  CaCOs,   talcing 
the   total  calciu.li  content   of  the  diets  between  .6  per  cent  and  .75  jier 
cent,   an  a-notmt  sufficient  to  meet  the  needs  of  the  anln^^ils.       It  is 
evident,   therefore  that  9  per  cent   of  even  tl  e  best  conbi nation  of 
proteins  frora  the  atamdpoint  of  growth  is  not   sufficient  to  enable  the 
body  to  carry  on  a  nornial  calcivr.i  metabolism  throughout  life.     :!COollum 
and  Parle  and  their  co-workers   (verbal  comr-runieation)   in  their  Tvork  on 
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the  etiology  of  rlolcets  have  jrodoced  defective  bone  formation  on 
diets  having  sufficient  caloiu'n,  but  contilning  inadeqiiato  pi-otein. 
Ihere  is  no  evidence  in  this  study  that  the  inadequacy  of  tl  e  jirotein 
directly  affects  the  bony  structures  or   if  it  acts  by  producing  changes 
in  the  endocrine  organs  as  suggested  by  LlacCallum. 

Seven  aniraals  were  studied  'if^. ioh  had  been  living  on  diets 
eontainlng  22  per  cent  of  protein  but  low  in  fat-soluble  A,  and  vdth 
and  without  an  adequate  arxjunt   of  c.ilclun,       2able  III  shows  the  effect 
of  such  a  diet  on  the  calciura  context  of  the  blood  and  the  condition 
of  the  toeth  and  ribs. 

Although  the  nunber  of  animals  studied  in  this  connection 
is  snail,   the  results  sUf^^est  probability  tfcat  besides  the  ixotein, 
fat-soluble  A  is  also  concerned  in  calcium  metafcolism,       Shis  also 
is  In  agreement  «ith  the  work  of  LijCollum  and  his  collaborators  oa 
riclaats,    in  'Aich  they  show  that  a  deficiency  of  fat-soluble  A.  in 
the  diet  causes  faulty  bone  formation   (verbal  conr^^amicatian).     Ihat 
the  fat-soluble  A,   as  vjsll  as  calcium,   is  concerned  is   abonxi  by  the 
animals  in  lot  2405  having  a  diet  in  which  a  deficiency  of  this 
Titainlne  is   the  only  fault.       'JIbese  animals  have  an  abnomally  hl^ 
calciu.-!  content  in  the  blood,   and  both  the  teeth  and  ribs  are  abnormal 
in  textxire«      A  paper  by  '.♦ells  and  Benson  (20)  is  ver;/  suggestive  In 
this  connection.       They  studied  the  ossification  of  foetal  epiphyseal 
cartilage  by  Implanting  it  in  the  r«i*ltoneal  cavity  of  rats,  and  they 
concluded  from  this   \/ork.  that  the  ability  of  these  cells   to  take  '^ 
calciura  depends  on  the  presence  of  sone  non-living  constituent. 
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ghe  Er.vthrQo:rte  Coicit  aod  I  e  :0;Tlo'bln  Content,         Wie 
erytflirooyte  oour:t  and  tii©  percentage  of  hemoelobin  serves  as  another 
iridex  of  the  oonditdon  of  these  animals*       The  red  oou..t   of  normal 
stock  rats  from  this  laboratory  varies  between  8,000,000  and  10,000,030, 
althou^  occasionally  an  animal  will  be  found  with  a  cotmt  as  high  as 
12,000,000,       Ebe  herrjOfdobin  content  nay  be  as  hi^i  as  144  per  cent  in 
vigorous  ioxtig  -ales  weighing  about  350  grams.       GZbe  average  is  abotit 
130  per  cent,       Donaldscm  (21)   quoting  Eivas  gives  the  eryt^lrocyte 
count  of  the  norsTal  albino  ub  between  7,400,000  and  9,200,000,  and  the 
anoimt  of  hemoglobin  between  85  per  cent  and  100  i>er  cent.       It  should 
be  noted,   1  owever,   that  tliese  animals  had  been  fed  on  garbage   (personal 
ooranamication)   and  were  of  inferior  stock,       x-'ive  rigorous  males  of  tiiis 
sane  stoclc  reared  on  a  diet  toiopm  to  be  adequate  gave  hemoglobin  readings 
bet'sseen  123  per  cent  and  137  per  cent. 

Of  the  123  erythoci^te  oouots  nade,  74  (61  per  cent)  were  above 
7,500,000,  SoEB  of  those  below  this  figure  were  very  low;  t?;o  aniraals, 
for  e:s:a;rrle,  having  a  count  of  2,500,000   (Table  IV), 

It  will  be  seen  fran  the  table  that  'nost  of  the  aniiails  on  tiie 
9  per  cent  protein  aiets  have  high  counts.       The  exceptions  are  lots 
2379,   2371,   2390,   2388,   2491  and  2494,    in  all  of  which  a  legume  seed  is 
supple mai ted  vdth  either  a  cereal,   dried  skim  milk  or  stesik.     Sorne  of 
the  anirnals,  however,   on  diets  containing  a  legiene  have  normal  counts. 
The  lOYsest  counts  arc  those  i^iade  cm  the  aniu-nals  on  maintenance  diets, 
all  the  very  low  counts  being  from  these  groups.     Of  the  15  animals  on 
maintenance  diets  cmly  2  had  counts  above  8,000,000,   the  average  of  those 
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Table  17. 


:   Lot      1 

Percentage  j 

Gharac  ter 

I  lirythroc^'tes   t 

lle'-.o^rlobln   : 

liotes                 i 

:   .iOf      ] 

rrot  ain         j 

Oi     rotein 

1   'TiillionB            J 

jercantage  : 

J            '   1 

1 

:  per 

C3?im.             ; 

: 

t               j 

i 

1 

1 

I 

•                               * 

1 

: 

:   2196  : 

9                   ! 

good 

11 

121          : 

:    2195    ! 

9              ; 

1 

12                 i 

132          ; 

:    2196   J 

9              s 

ft 

9.5 

109          ! 

!    2191   i 

9                   ! 

poor 

9 

100 

:    2191   • 

9              : 

n 

9 

97 

:    2191   ! 

9             i 

II 

7                i 

107          i 

: 

:    2190   : 

9 

tt 

7                       ! 

104 

:    2190  ! 

9                      ! 

II 

6 

104          : 

:    2190  < 

9 

n 

9                       ! 

109          : 

:    2190 

!             9 

n 

9 

:            115 

I    2190   ! 

9                    ! 

If 

9.5 

!                  121              ! 

:   2184  ! 

9             ) 

<i 

8 

1 

:              98 

:    2184  . 

9             i 

•* 

8 

87         1 

: 

:    2184  - 

9 

II 

7.5 

98 

t    2188   ; 

9 

good 

9                        ! 

101 

J    2188 

9              1 

.         It 

7 

104         : 

;    2183  i 

9 

poor 

8 

108 

:    2196 

!              9 

i         ** 

9.5 

:            112 

:    2195  ' 

9 

If 

8,5 

!            107 

:    2195  ! 

!              9 

>f 

9 

I            102 

1                                       : 

J    2195 

9 

!               •• 

9 

:            110 

J   2180  J 

9 

• 

.               If 

9 

':            107 

:    2130 

9 

.               I* 

9.6 

!              117 

J    2180 

9 

.               It 

12 

:            120        : 

:   2179  ! 

9 

!       good 

8 

!            109 

e                                          t 

:    2179  • 

!              9 

t       « 

11 

!              99 

!    2177 

s 

!              9 

!       poor 

7.5 

!            104 

:    2178 

!              9 

1 

8.0 

:            109 

J    2379 

:            9 

n 

7.6 

I             99 

1                                          t 

:    2379 

!              9 

If 

7.6 

:              91 

• 

:    2379 

i            9 

.            It 

6.5 

:             100 

t                                          t 

I 

t 

.   2378 

I           9 

:        good 

6 

!             106 

i 

:    2376 

i            9 

!            " 

8 

121 

t 

t   2371 

:             9 

!       poor 

6 

:               98 

t                                         1 

:   2371 

:            9 

It 

• 

6.6 

:              98 

• 

:   2364 

:            9 

i 

9 

s            116 
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Table   17.    (continued) 


:  lot  : 

Peroep-tage 

.  Clmraoter  : 

Sryt}irooytes 

:  Eemor^lotln  »     Notes       t 

1  No.   : 
i              1 

protein 

,  of  protein  : 

millions 

per  <^\i. 

)  percent  ago  : 

i  2S64  : 

9 

t   poor     t 

10,5 

:    115     X 

:  2364  : 

9 

'          **       : 

10 

X    113     X 

:  2S64  t 

9 

t    "       i 

9 

I    137     X 

:  2364  : 

9     i 

!    **       : 

9 

:    118     : 

:  2364  t 

9 

n                    J 

10 

:    124     X 

:'  2364  s 

9      [ 

!      "         i 

8 

s    121     X 

;  2369  ; 

9 

n                   , 

8.5 

I    106     X 

:  2563  J 

9 

I            **        * 

9.0 

!      121       X 

!  2363  : 

9 

S     **        t 

8 

X     92 

:  2363  : 

9 

.     «        , 

8 

X    113     X 

:  2363  t 

9 

(     **        ! 

9 

X    121     *x 

i    2346  t 

9 

t       good     : 

7 

:    104     : 

}  2362  t 

9 

J   ezcellentj 

8 

X     92     X 

i   2S70  : 

9 

1    "       : 

,  12 

J  2370  1 

9 

ft       • 

10 

!  2370  s 

9 

•    <>       • 

8.6 

•    — <~»     • 

t  2370  X 

9 

.    ft       J 

4.5 

:  2390  t 

9 

:   poor     : 

6 

t           69           s 

:  2390  s 

9 

1    "      : 

7 

«     86     t 

:  2390  : 

9 

I    **      : 

8/5 

X    113     X 

:  2388  : 

9 

t         "               ' 

6 

X     92     X 

:  2388  : 

9 

I          "       : 

8.5 

X     99     X 

:  2388  : 

9 

•    f«       . 

5.5 

X     83     X 

:  2388  : 

9 

1    **      : 

9 

X     92     X 

:  2387  : 

9 

:   good     : 

7 

X    109     X 

:  2387  : 

9 

t      "         X 

7 

t    104     i 

»  2387  : 

9 

(    "      : 

8 

i          115     X 

J  2337  : 

9 

.    ft       1 

9 

I    121*     t 

t   2387  J 

9 

■    If       . 

— 

X     92     I 

:  2339  : 

9 

t   poop     ; 

7 

i           98     ( 

12181  : 

9 

:   good     i 

8.6 

s    100     X 

:  2186  : 

9 

i       poor     ; 

8 

X     94     t 

s  2491  : 

9 

.     n        . 

4 

X     90     X 

i  2491  : 

9 

1     "        X 

7.6 

X     98     > 

i   2491  i 

9 

t    "       : 

6.6 

X     92     X 

s2491  » 

9 

>    It       J 

6.0 

:     86     X 

t   2494  : 

9 

1    " 

6 

:     74     I 

:  2484  : 

9 

•       :l           . 

7.5 

:     98     X 

t   2474  : 

9 

t         '*      : 

8 

:     92     X 

:  1894  : 

8 

:    '*       : 

6 

I     69     I 
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Table  IV.   (continued). 


:   Lot  i 

Percentage   j 

Character  : 

l-:rythr"'cytas     s 

FoMOglobln 

t                  LiOtdS               t 

:   I'o.    : 

protein         : 

caf  jTotein: 

nillior.s              : 

porcontage 

•            • 
f   »  , 

• 

•DOr  c;nra. 

»1S95  t 

9             ] 

: 
poor         : 

] 

8                   s 

93 

:1Q96   » 

10             : 

f< 

8 

69 

:1896   : 

10                   ! 

"            : 

6,5                : 

109 

:1896  : 

10                    ! 

"            : 

4,0                5 

29 

-.2437  : 

16              i 

"            . 

8                    : 

116 

S                  ] 

;2437  I 

16              : 

9 
n               J 

3.5                \ 

— 

:2437  : 

16                    ! 

n 

4 

7                            ! 

109 

:2437   : 

16                  ! 

"                ! 

3*5                : 



:2437  : 

16              ; 

It                • 

6 

121 

:2437  : 

16              i 

t1                J 

8                    : 

— • 

:2340   : 

12 

ft 

!            3.5 

!          86 

:2340  t 

12              1 

1                 ** 

!            3.5 

;           69 

:2340  i 

12              J 

.                n 

6.0 

!        104 

tZSiS   i 

13 

1         good 

7 

!        104 

:2S4S   : 

18 

>                •■•               . 

7 

.        — 

j2S4S   s 

10 

>                                1 
I                It               . 

\           6 

\          89 

»2414  , 

35 

>i 

6«5 

!            101 

:2417  : 

20 

s         fair 

(            6 

.          90 

:2750  s 

22 

!         good 

2,5 

:          63 

:low  Ga,    low  fat-     : 

:2750  : 

22 

i                      " 

!             1.4 

t          26 

:  soluble  A.                  : 

>            t 

:2750   J 

22 

>                      t                     . 

!             3.2 

\         52 

J 2127  : 

7  1/2 

!         poor 

!          10 

t         96 

S2127   : 

7  1/2 

•           " 

!              8 

:          90 

:2175   : 

7 

II 

(            7.5 

!        118 

:2175  : 

7 

t           ** 

!              6 

;          94 

I            t 
:2175   s 

7 

i 

E 

!                 9 

s        722 

:2175  s 

7 

t           " 

8 

!            110 

:2175    : 

7 

•           It 

1            9 

i        101 

J2175  s 

7 

1           " 

!              3 

s          44 

12406  : 

22 

I         good 

:          10 

J        104 

tnoderatdly  low  8a,: 

:            : 

' 

tlow  fat-soluble  A,: 

:2441   : 

22 

\           " 

t           5 

I        98 

:2441   s 

22 

.            ft 

:            8 

s          98 

-.2441   : 

22 

•            It 

!            4.5 

J        — _ 

:2441   ! 

22 

:            " 

t            7 

!        109 

:low  fat-soluble  4  : 

:2286  : 

20 

:            "* 

:            7.5 

J        104 

:2286  i 

20 

1            '* 

i           6 

'"         86 

iZZU  i 

20 

s            " 

:           7 

I        100 

: low  water-sol,  B     * 

:2286  : 

20 

:            " 

:            9 

:        104 

:2286  : 

20 

I            " 

:            4 

t          60 

:2405  : 

22 

•            It 

:            7.8 

:        109 

zlofw  fat-soluble  A  * 

;2405   : 

22 

.                 n 

:            8.0 

:          81 

:2405   : 

^Z 

•                     rl 

'            2,5 

i          60 
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below  8,000,000  belne  4,800,000,       In  the  one  lot   (2760)   on  a 
raintenance  diet  in  ■<*ioh  both  the  calcium  and  fat-BOluble  A  content 
of  the  diet  v;as  low,    the  erythrocyte  covmts  on  3  animals  vieTQ  2,500,000, 
1,400,000,  and  3,200,000  respectively.       Since  calcium  is  an  iTiportant 
constituent  of  the  red  cell,  a  diet  very  low  in  calcium  might  tend  to 
cause  anenia. 

In  the  123  henio^obin  deterroinations,   the  hig^et  content 
vas  132  per  cent, and  the  lovrest  22  per  cent.         66  of  the  rats  (53  ler 
cent)   h.ad  a  content  abcve  100  per  cent,  ajid  97  (79  par  cent)  were  above 
90  per  cent  henoglobin,       Al-oet  all  the  anirsajlB    on  the  9  per  cent 
protein  diets  had  a  content   of  100  per  cent  or  niore.       The  exertions 
were  those  on  diets  containiiig  a  legume  Just  as  in  t  h^  case  of  the 
lower  erythroci?te  couiits.       But  even  these  aniraalB  did  not  hiave  a 
hemoglobin  content  lower  thai  ttie  nornal  given  for  the  rats  at  the 
Wiatar  Institute.       Tkie  rats  on  the    minterance  diets,    however,   lad  a 
sorae^iat  lofrer  content,   9  out  of  14  deterninations  were  below  90  per 
cent,   the  average  being  61  per  cent. 

It  is  difficult  to  accottit  for  th*  tesidenoj'  to\'!ard  anenia 
erhihited.  by  the  aninals  on  di^ts  containing  a  legitne.       3ie  legumes 
are  as  rich  in  iron  as  the  cereals,  and  in  soae  of  these  diets  the 
legiTies  ware  supple.nented  by  steak.       It  nay  be  th^t  the  proteins  of 
these  diets  lack  one  or  '-ore  anlno-acid  neceseary  for  tl>e  building  vcp 
of  the  hiemoglobin  -^lolecule.       In  the  exp-arlp.ental  work  on  the  relation 
of  iron  and  anemia  this  fact  does  not  appear  to  be  taloen  into  account 
and  it  Lnay  explain  in  part  at  least  the  contradictory  results  obtained 
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by  different  investigators  on  the  valtje  of  different  foms  of  iron 
in  the  diet.   (32). 

OKB  HOH-PHOTEIH  K  Oi;'  2FB  BLOOD 

Since  i'olin  perfected  his  methods  for  the  detertdnation  of 
non-protein  IT  in  blood,  the  literature  has  contained  many  references 
showing  the  i^nport-uice  of  this   factor.       It  la  a  -leans  of  detecting 
renal  instif ficiency  in  the  removal  of  nitrogenous  vBste  except  in  the 
ease  of  rmxisually  r:ipid  absorption  or  of  .m  abnormally  hi^  level  of 
protein  distinction  s-uch  as  occurs  in   fever,       Tre  ar-noimt  of  non- 
protein K  in  the  blood  of  normal  individuals  is  given  by  varioas  writers 
as  betTTeen  20  and  45  rags,  par  100  oc.       It  iray  be  as  hlg^  as  350  ngs. 
in  100  cc.  blood  in  severe  cases  of  urenia  (23).       ?olln  sad  Denis  (1) 
state  that  In  "strictly  narnal"  itaterial  the  range  Is  only  between  22 
and.  26  ngs,       Hovsever,    a  "strictly  normal '*  individual  is  a  rarity. 
Persons  withoct  a  specific  kidney  lesion  gave  readings  between  24  rr^s, 
and  62  T.gs.  per  100  cc.  blood,  'with  only  tv;o  speci^iens  below  26  rif^» 
2hey  (1)  also  fottid  that  as   individuals  grew  older  the  non-protein  H 
of  the  blood  increases, 

for  the  nomal  rat  ?olln  and  Denis   (24)   give  an  average  of 

36  ngs.   of  non-protein  K  per  100  cc  of  blood,       TThe  follo-.ving  figures 

were  obtained  frorr.  normal  riale  anirmls  about  1  year  old  in  this 

laboratory: 

•S&\>le  V. 

31.4  r^gs.  per  1(X)  cc.  blood 

35.1  igs.  ditto 

33.5  ings. 

42.5  mgs.  " 

38.2  rags.  * 

43.6  nigs,  •* 
?6tl  nap. 

Average  S7  gs.  " 
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OJablo  71, 


:   Lot 

t  Percentage 

!     Uiiiiracter  of 

•     iion-joroteln  K                               • 

:  I.o* 

t   protein 

i     protein 

'     ::gs.  par   100  oo                        ' 

: 

! 

(average  of  du-Dlicates            ' 

'.   2195 

9 

t         good 

!                      46.4                                 1 

;   2195 

9 

II 

.                      49.8                                 s 

.   2196 

9 

,             It 

58,5                                 J 

'.   2191 

9 

1        poop               i 

30.3                                 ! 

:  2191 

;    9 

" 

44.0                                 : 

;    2190 

9 

1               "                    ' 

(                      49.1                                 : 

!    2190 

'.         9 

R 

I                     56.4                                 : 

!   2190 

:     9 

If 

1                      49.2                                 : 

'.   2190 

;    9 

n                      , 

!                               '^0»Z                                            I 

:   2190 

.          9 

» 

61.4                                   s 

!    2190 

;    9 

,                 tf 

t 

39.3                                  J 

I  2184 

9 

1                 " 

45.1                                   ' 

;   2184 

i         9                 i 

1                 n 

36.7                                 : 

!   2188 

9 

I           good             J 

4o,7                                 : 

:  2188 

!         9 

1             "                 • 

52.5                                 : 

!   2188 

;     9 

t             " 

95.5                                 t 

!   2193 

9 

1          poor            j 

46.4                                 J 

!  2193 

!         9 

"                " 

49.8 

*  2193 

!          9 

.             •♦ 

58.4                                 s 

I   2180 

:          9 

" 

52.7                                 : 

!   2180 

;    9 

■                                      •*                                                 4 

46.7                                 , 

'   2180 

9 

1                                     "                                                  ■ 

50.0                                 t 

!   2179 

;    9 

t           good             3 

51.8                                 : 

'.   2179 

9 

1               "                    • 

61.9                                : 

!   2179 

;    9 

r» 

47.8                                 t 

:   2177 

:         9 

t           poor             : 

54.1                                 , 

:  2177 

9 

,                  n                       . 

53.3                                 J 

'.  2178 

'.         9 

II                        . 

56.9                                 : 

;*  2173 

•          9                   J 

»» 

48.1                                 : 

i  2379 

[         9                  , 

«                        J 

51.8                                 : 

2373 

9                  i 

good            : 

41*4                                 : 

:    2378  ! 

9                 : 

"                 : 

43.  ■»                                     t 

t    2371  . 

9                       3 

t           poor            J 

46.6                                   : 

:    2371  : 

9                       ! 

>               "                   : 

60,4                                     i 

:    2364  i 

9                 1 

>              "                  : 

46                                         t 

:    2364  : 

9                 1 

It                  . 

52                                              s 

:    2364  J 
:    2369  : 

9                 J 

9                 1 

If                  J 

54«9                                   1 
39                                        1 
60.9                                   s 

:    2369  1 

9                 J 

"                 I 

s    2363  : 

9                 : 

It                 j 

41.3                                   : 

•               • 

• 

\ 
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lable  71.   (continued) 


:Lot 

Perco.itage 

.     Claracter  of 

:  i.on-protein  I< 

:Ko«      i 

protein 

I    ::70t9in 

,  iigs.  T«r  100  CO 

•                                      4 

;    (averafire  of  ducXioates, 

• 

:2563   ; 

9                t 

poor 

*:                     60.7 

i2563   ! 

9                     ! 

[i 

:                     79,4 

,234-6   J 

9                J 

1           g<Jod 

t  -                 61,7 

,2362   i 

9                     ! 

(           excollent 

:                   49 

$2362    i 

9                1 

dxoellsnt 

:                   42*8 

,2370    ! 

9 

I             " 

J                    47.3 

,2370 

!             9 

•» 

»                     42,4 

J  2370 

!             9 

.                   r« 

1                     79.2 

,2370 

t           3 

t                   " 

t                     57.S 

,2390 

!               9                     j 

(          poor 

:                    4V,7 

12390 

t           9               i 

m 

:                    41.4 

,2390 

i           9 

,               « 

t                   49.2 

s^386 

1           9               i 

1 

t                   49 

:23ee 

i           9 

.               » 

1                    42.8 

,23C7 

i           9 

i          good 

:                    73.9 

,2387 

t           9 

.                  n 

s                    66.5 

,2387 

t           9 

« 

,                     86,5 

,2339 

(           9 

1           poor 

,                     79.4 

,2181 

!             9 

t          good 

,                    56 

,2185 

J            9 

!           poor 

:                    40.9 

i2491 

i           9 

1                n 

i                     35.7 

,2S91 

8             9 

1                ** 

t                    67,6 

,2491 

}           9 

!                   ** 

:                    45.1 

,2491 

!                9                      1 

(                    K 

»                     49.7 

,2491 

1           9                ) 

t                    ** 

t                     48.0 

,2494 

!             9 

,                  n 

1                      67.8 

,2474 

:            9                1 

t                 ** 

»                    41.4 

,1394 

I            3 

t                 ** 

t                    92 

:1S95    i 

9 

t                          M 

1                    36.8 

:1396    i 

i         10               1 

II 

:                    71.8 

iie96  i 

i          10                , 

[                 " 

J                      78,8 

8437     : 

16 

1                 " 

,                     48.9 

S2437  1 

16               1 

If 

8                     38.2 

:2437   i 

16                1 

If 

I                    85.6 

1 2437   i 

16                i 

I                 *♦ 

1                     50.9 

,2437   i 

16                s 

»f 

t                     62.6 

,2340   : 

12                ] 

If 

t                     56.8 

:2S40   : 

12                    ! 

•f 

t                     43.7 

,2340    J 

12                      ! 

II 

t                     60.9 

:2343   J 

18                J 

good 

'                     48.6     ' 
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Table  v  " «    ( CO  nt Inued ) , 


:Lct 

:     Fercantage 

:    Gharactar  of 

liOn-protein  ii                           : 

j^'o. 

i     protein 

t  larotein                  i 

t     rags,     fjr  100  00                       : 

t 

',  ,  , 

L  .,,UY@rac^  .0?  v.v^sll^<i^At^£)t.  ...s 

I  2343 

l         18 

I           good 

!                                                          : 

i     45.2                                               t 

a  2343 

t         18 

1                ^ 

t     45»1                                               I 

t  2^4 

!         35 

J                " 

»     46.6                                          .>  1 

:  2417 

:         20 

8           I'-ilr 

!      75.7                                               t 

.  2750 

:         22 

:           good 

!     72.1  lov;  fat-soluble  -1  &     : 

,  2750 

;         22 

t               ** 

:     76,9                             low  Ca,      : 

J  2127 

!             7 

1/2 

:          poor 

s     37.1                                               I 

:  2127 

:            7 

1/2 

_               ti 

i     41.8                                               1 

t  2127 

s            7 

1/2 

.                           H 

i     39.8                                               I 

:  2127 

!              7 

3/2 

S                           It 

i     54,1                                               t 

»  2175 

i           7 

*                           If 

I     61.4                                               1 

J  2175 

I            7 

s                " 

!     49.7                                               t 

t  2406 

'i         ZZ 

:             good 

i 

i     45.7  -od,  lovv  vJa,    low  fat-: 

:   2406 

I         ZZ 

.               « 

:     33.3                                sol.  A.    : 

:    2441  i 

ZZ 

.               <« 

.      30.6 

t    2441   ! 

ZZ 

1               "                   ' 

I     4'i.3  low  A                                 : 

i   2441   J 

22 

•               " 

44.0                                             : 

:   228 S  : 

20 

]               If 

45.6                                               I 

::2286  : 

20 

J               If 

i     38.3                                                  s 

t   2286  ! 

20 

i                     n                          < 

i     65.                                                  t 

s   2236   : 

20 

}                     It 

I     55.3                                               t 

:   2405  : 

22 

S                     It 

!     52.7                                               1 

:   24-06  1 

22 

1                     It 

.      62.1  low  h     ,                              t 

:    2405  . 

22 

,                     If                          . 

63                                                 : 
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Duplicate  deter  inat ions  of  non-protein  H  were  inade  on  103 
of  tte  aniTials  s  tTjdled,       Hie  amount  foimd  varied  frora  30,5  ngs.  to 
92,0  rags,  per  100  oo.  with  an  avera^o  of  50,6  rngs.       Taicing  -itj  rags. 
as  the  upper  level  for  the  norsial  aiai-nal,    31  anL-nals   (79  per  cent)  had 
a  non-protein  K  greater  than  this  a'notmt. 

Since  the  diets  of  all  these  ini.Tals  wore  conducive   to 
premature  senility,  although  in  varying  degree,  we  -..lauld  expect   to  find 
a  high  level  of  non-protein  K  in  the  blood  from  the  t.-otIe  of  ifolin  (l) 
quoted  above.       2lo  one  diet  appears  to  have  an  advantage  over  any  othjsr. 
Those  in  which  the  9  per  cent  jrotein  content  was  of  tiie  best  quality, 
and  these  Tzlth  $i  rmich  hi^ier  content  have  about  tJie  sa~e  degree  of 
variation  froci  the  normal.       In  general  tl  ere  is  a  fair  agre6:3nt   in 
the  results  obtained  fron  animals  on  the  sa":e  diet.       Shere  are  a  few 
exceptions,  as  far  axanple  in  lota  2363  and  2070  In  which  the  variations 
are  fron  41.3  "igs.   to  79.4  tt^,,  and  42.4  mgs.    to  79,2  ings.   respectively, 
Ilov«ver,  a  certain  arsotmt  of  Viriation  is  to  be  expected,  especially  among 
sulaiornial  individuals.       It   is   interesting  to   note  that  of  the  four 
anirrals  on  Hie  Kaffir  com  maintenance  diet  the  three  which  are  in  poor 
condition  have  a  high  content,   the  Tourth  is  in  good  coaditi  on  and  has  a 
low  contetit.       SliKje  the  second  and  third  genarations  raised  on  these 
diets  are  frequently  very  poor,   it  vaa  thought  ttat  there    night  be  a 
pro-^ressive  Increase  In  the  non-j^rotein  H  In  these  generations.       This 
did  not  prove  to  be  the  case,    as  may  be  seen  In  Table  7II# 
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Table  711, 


First  generation  -  52.7  mgs.t>l  per  100  co  Hood  (average  of  74  anliiiala) 
Second  •»  51.6  r.gs.  ditto  (        "         "     24  animals) 

Third  "  47.6  -ngB,  "  (       "         "       4  animls) 


There  is  no  apparent   rel?.ti  on  between  the  nttrriier  of  days  on 
the  diets  and  the  non-protein  3S  of  the  tlood.       ?}iis  is  aho\m  by  I^ble  7III. 

Table  VIII. 
200  days  on  diet  -  average  70,2  rags,  non-frotetn  11  (2  animals^ 

260       t  n  '»  _  n  47,5    r^gg^        ri  .f  »       „  <t 

300  ■««"-'♦  54,3  rags.  "  '«  =»  ^  n 

560  «'•«.-  "  45,g  tngs.  "  «  >'  «  » 

400  '♦»»'•-  '»  55,2  mgs,  "  '♦  I  n  ft 

500  '»»♦•»-  'I  48,1  n^,  "  "  "  "  " 

650  "       '»       »«       -  ••  50,7  mgs.  t  "  »i  «  it 

600  "       •«       >t       _  rt  55,4  ngc,  «  "  r»  n  « 

700  ™       'I       >»       -  '»  50,0  ngB,  "  '•  "  '♦  " 
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Part  17. 

1.      iiats  isapt  on  a  diet  containln;;  9  per  cent  protein 
vary  In  soae  of  their  physiologic  J.  reictiona  acoording  to  the  quality 
of  tlie  protein.       IThis  is   ^avm  by  differences  in  the  rate  of  grov/th, 
in  the  ti'ne  at  vhich  old  age  is  apparent,  the  degree  of  fertility, 
the  condition  of  the  genital   org^ius,    the  infant  i:.orta.lity  rate,  and 
to  a  lesssr  degree  in  the  condition  of  the  olood  as  shown  by  the 
eri-throcyte  count  and  the  percentage  of  hent^lobin,       HowBver,   the 
anlrtsals  showed  certain  changes  irrespective  of  the  t,  pe  of  protein, 
danonstrating  that  the  anoimt  as  well  as  the  quality  is  significant. 
Almost  all  were  in  poor  condition,  the  calcium  nstal'dism  vvas  abnorc^al, 
and  the  average  of  the  non-proton  nitroj^aa   of  the  blood  v;as  high.     The 
limg  infection  v^iich  v^ls  so  co'amon  scpxxjared  to  occur  indgpendontly  of 
the  type  of  die  t. 

2«       A  diet  deficient   in  either  fat-soluble  A  alone  or  in 
both  caloitm  and  fat-soluble  A  is  associated  with  an  abnomial  calcicm 
netabolism. 

3a       Animals  on  high  levels  of  jxotaln  inta:;:^   (up  to  22  per 
cent)  but  on  diets  inadequate  in  other  respects,  rsay  have  a  hig^  non- 
protein nitrogen  content  in  ttie  blood,  especially  v/hen   tley  are  in 
poor  condition. 
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Part  V. 

CONCLUcIOHS. 

A  diet  oontalniag  9  per  cent  protein  v.lll  not  jierrAt  the 
rat  to  complete  a  norrrjal  life  cycle.  31ie  degree  to  vLidi  this  is 
accomplished  depends  cm  the  quality   of  the  protein    -ixture. 

A  deficiency  in  fat-solul)le  A.  unfavorably  inriuances  tfce 
calcium  metabolisn,       ij'actors  in  the  diet  other  than  the  xroteln 
content  also  influence  the  amount   of  non-protein  nitrogen  in  the 
hlood. 
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